Absolute quantification of intact proteins via 1,4,7,10-tetraazacyclododecane-1,4,7-trisacetic acid-10-maleimidoethylacetamide-europium labeling and HPLC coupled with species-unspecific isotope dilution ICPMS.
Quantitative proteomics requires novel analytical methodology to fill the gap related to absolute protein abundance in different physiological conditions. In this paper, we demonstrate a proof-of-concept study for absolute protein quantification. 1,4,7,10-Tetraazacyclododecane-1,4,7-trisacetic acid-10-maleimidoethylacetamide (MMA-DOTA) loaded with Eu was used to label lysozyme, insulin, and ribonuclease A, and they were subsequently quantified using HPLC coupled with (153)Eu species-unspecific isotope dilution inductively coupled plasma mass spectrometry (ICPMS). Labeling procedures were optimized using electrospray ionization mass spectrometry (ESI-MS) based on the labeling efficiency and specificity of the three intact proteins, which suggested that 10-fold or higher MMA-DOTA to cysteine sulphydryl rates at pH from 6.8 to 7.6 and 47 degrees C for 40 min were optimal conditions for the conjugation of the reduced-form proteins and that a 5-fold excess of Eu with respect to the DOTA present in the MMA-DOTA-conjugated proteins and pH 5.8 are optimal for Eu labeling. Subsequently, these three MMA-DOTA-Eu-labeled proteins were digested with trypsin, and the tryptic peptides were quantified via HPLC coupled with (153)Eu species-unspecific isotope dilution ICPMS. The results for the protein studied indicated that not only could 100% digestion efficiency not be achieved but also the resulting peptides needed a chromatographic separation at higher resolution. On the other hand, the labeled intact proteins were quantified without tryptic digestion. The average recovery was found to be 97.9% in six independent experiments, and the precision was evaluated to be 5.8% at the 10 pmol L(-1) level. The detection limits (3sigma) were determined to be 0.819, 1.638, and 0.819 fmol for lysozyme, the A chain of insulin, and ribonuclease A, respectively, using ICPMS with a normal concentric pneumatic nebulizer. These results demonstrated that high-quality absolute protein quantification could be achieved through labeling the intact proteins but not the tryptic peptides, implying that intact proteins may be more feasible and practical targets than tryptic peptides for ICPMS-based absolute protein quantification.